A comparative deliberation has been considered among three Indian processed teas (black, green and white) in respect to their prevalence of some secondary metabolites, antioxidant ability (ABTS and DPPH assay), nutritional properties, inorganic elemental profile and bactericidal efficiency. Green and white tea, incidence of total phenol, total flavonoids, proanthocyanidins and tannin are higher than the black. ABTS and DPPH study reveals lower IC 50 occurred in Green tea. Green tea is enriched in Na, Fe, Mg, and Mn content; black is rich in K, Ca and white has highest Zn. Total sugar and free amino acid are highest in white tea; total protein content is almost same in all three types. Green tea is enriched with vitamin C. Antimicrobial asset is experienced against Bacillus subtilis, Staphylococcus aureus (gram + ve) and Escherichia coli and Pseudomonas aeruginosa (gram − ve) bacteria. Study revealed that green tea has higher antimicrobial activity than the other two, though higher inhibitory effect of black tea might be attributed to the presence of substantial amount of tannin. Statistical evaluation reflects that in all organic and aqueous extracts, secondary metabolites correlate linearly with DPPH and ABTS assays but are not consistent with bactericidal efficiency in all cases.
Introduction
Tea is the largest consumed beverage across the globe and being considered as the second most widely consumed drink after water [1] [2] . In proper sense, tea refers to the infusion prepared from leaves of the tea plant, Camellia sinensis (L.) Kuntze, an evergreen flowering tree, belonging to the family Theaceae, native to the mountainous regions of south-western China and neighbouring countries [3] [4] [5] . The two main commercial varieties are small-leafed C. sinensis var. sinensis, adapted to cool weather and high altitude, and large-leafed C. sinensis var. assamica (J. W. Mast.) Kitam., which grows well in tropical and sub-tropical environments. Tea leaves contain a high concentration of phytochemicals including polyphenolic catechin and the methylxanthine caffeine. Different varieties of teas are being consumed according to their preferential taste of the end users. Basically, use of black tea has worldwide acceptability, while green tea is mostly popular in the countries of South-Asia and North Africa. Popularity of white tea is being increased to the consumers from Western World, mostly for its taste and difference in their processing technique from the other types [6] .
Rudimentary or unopened leaf buds [7] , in which chlorophyll formation is much less or nil and is not withered, rolled, or crushed like black and green teas, but steamed rapidly and air-dried [6] . Heat treated Green tea rolled and dried, thus, endogenous polyphenol oxidase is disengaged. Black tea is prepared by crushing withered tea leaves and thus enzyme-mediated oxidation of tea leaf occurred, some oligomers formed, such as theaflavins, and polymers known as thearubigins [8] .
Recently, beside the aromatic preferences of tea, the health benefit influence has also become attentive to the health-conscious people. Though from the ancient era (more than 4000 years) medicinal importance of tea was judged well, recent scientific data have proved much that tea is a potential food supplement for antioxidant as well as an effective chemo-protectant agent for toxic substances and carcinogens [9] . According to Sajilata et al. [8] different polyphenol (flavonols, caffeine, phenolic acids, theanine etc.) contents of green tea have much positive effects in several cardiovascular disorders. Cabrera et al. [10] suggested that green tea may decrease the cardiovascular risk factor to a great extent and some forms of cancer as well as to the promotion of oral health and other physiological functions, such as antioxidant and antibacterial activities, antihypertensive effect, and body weight control. Owuor et al. [11] reported that Theaflavins (responsible for orange or orange-red colour) is present at 2% to 6% of the dry weight of solids in brewed blacktea, those are produced by the oxidative dimerization of (dihydroxy) catechin and a gallo (trihydroxy) catechin catalysed by polyphenol oxydase.
Tea polyphenols are well discussed in respect to their antioxidant belongings.
Evidences have proven that the antioxidant properties of green tea relyon different catechin derivatives like epicatechin (EC), epigallocatechin gallate (EGCG) and epigallocatechin (EGC) [12] [13] [14] . Simultaneously, efficient antioxidant properties which in turn, scavenge free radicals, inhibit lipid peroxidation, and chelate metal ions have also validated in black tea [15] [16] .
Scientific investigations suggest a reverse association between dietary intake of phytochemicals and certain risk factor of some human diseases [17] . Tea polyphenols are also known for their antibacterial activity. In green tea, catechins, particularly EGCG and ECG, have antibacterial activity against both Gram positive and Gram negative bacteria [18] [19] [20] . Wang et al. [21] reported that the green tea can prevent tooth decay by inhibiting oral bacteria. The antibacterial activity of black tea has also been reported time to time [20] [22] [23] .
In view of the above, the current paper deals with a comparative interpretation of both antioxidant and antimicrobial ability of different types of packaged tea (black, green and white), which is meagre, especially in the context of Indian tea. Some secondary metabolites, related to antioxidant excellence and a series of antioxidant assays have been elucidated. Tea is such a beverage which comprising of an infusion of the processed tea leaves and is a cradle of some essential inorganic elements such as calcium (Ca), magnesium (Mg), iron (Fr), zinc (Zn), manganese (Mn) [24] [25] . Moreover, some nutrient parameters like total amino acid, total sugar, soluble protein, vitamin C, have also been considered. Antimicrobial property of the three tea types was determined against two gram positive (Bacillus subtilis MTCC 441 and Staphylococcus aureus MTCC 3160) and two gram negative (Escherichia coli MTCC 443 and Pseudomonas aeruginosa MTCC 2581) human pathogenic bacteria. All the experiments were done with standard methanol extract as organic solvents effectively diffuse through plant tissue, increase the cell wall permeability and disintegrate bonding between chlorophyll and protein molecules [26] as well as infusion with normal water of the packaged tea since the authors tried to understand the exact consumable amount of secondary metabolites and the nutrient quality to the end users with the conventional methodology.
Materials and Methods

Tea Samples and Extraction
Processed tea samples (Black, Green and White), obtained from National Tea
Research Foundation, Tea Board of India, were used for experimental purpose.
Prior to extraction, samples were made into homogeneous fine powder using blender. Methanol extraction was prepared by keeping 2 g of dry powder in 50 ml HPLC graded methanol (Merck Millipore, Germany) and gently agitating for 1h by a magnetic Stirrer. Subsequently it was undergone centrifugation for 10 min at 5000 rpm to collect the clear supernatant and the process was repeated twice. The resulting supernatant was air dried under sterilized air to avoid any loss of heat labile compounds and dissolved in 20ml solvent to get a stock solution of 100 mg/ml concentration. Preparation of tea infusion was done by adding potable water of 90˚C [6] during extraction instead of methanol and other procedures remained same. All stock extract solutions were stored at 4˚C for further use. Only fresh extract was used in the microbiological experiments.
Determination of Some Secondary Metabolites
Phenolic Content
Total phenolic content in the samples was determined spectrophotometrically (Helios γ, Thermo-Fisher Corpn.) using Folin Ciocalteau reagent according to the method described by Singleton, Rossi [27] with slight modification. Concentration of phenolic content was calculated from a standard curve of Gallic acid, plotted absorbance at 725nm against different grades.
Total Tannin
Total tannin content present in the samples was determined by the reference method of Commission [28] . Samples were mixed with equal amount of freshly prepared ferric ammonium citrate (0.35%) and ammonium chloride (0.8%) and absorbance was taken at 525 nm. Tannic Acid in different concentrations was taken as standard for preparation of reference curve.
Proanthocyanidin Content
Previously reported method of Sun et al. [29] was followed for estimation of Proanthocyanidin concentration in tea samples. The absorbance of sample-vanillin-hydrochloric acid was measured at 510 nm in a UV-Vis Spectrophotometer. The total Proanthocyanidin content was expressed as Catechin equivalents using the reference curve, prepared plotting absorbance against Catechin concentration.
Flavonoids
Total flavonoid content in tea methanol extract and infusions were analysed following the method of Zhishen et al. [30] . Absorbance of the resultant reaction mixture was noted with the help of a spectrophotometer at 510 nm. Quercetin was used as standard for the determination of flavonoids concentration in tea samples.
Total Antioxidant Activity Assay
The ability of different tea samples to scavenge ABTS and DPPH radicals was measured spectrophotometrically by standard method [31] [32] of tracing decolourization and values were calculated to compare with the Butylated hydroxyl toluene as positive control. In all, per cent inhibition was calculated following equation:
Scavenging ability are expressed in terms of IC 50 , which means, the concentration of the plant extract that's needed to scavenge 50% of the scavengers ions present and calculated by the following equation: 
Determination of Mineral Contents
One gram of each tea samples were dried up to constant weight and digested with 10 ml tri-acid mixture (Perchloric acid: Sulphuric acid: Nitric acid at 9:3:1 v/v/v ratio) in a muffle furnace at 600˚C for about 4 h. The transparent digested residue was filtered and the volume made up to the 100 ml volumetric flask.
Concentration of individual mineral element from this stalk solution was determined using Flame Photometer (for Na and K estimation) (Systronix Inc.) and Atomic Absorption Spectrophotometer (for Fe, Ca, Mg, Zn and Mn estimation) (Spectra AA240, Varian Inc.).
Determination of Nutritional Properties
Estimation of Total Amino Acid
Free amino acid content in the methanol extract and tea infusion was determined by ninhydrin colour reaction method [33] . Absorbance of the amino acid-ninhydrin reaction mixture at 570 nm was recorded with a spectrophotometer. Different concentration of Glycine solution was used as reference for the preparation of standard curve.
Total Soluble Sugar
The soluble sugar concentration was estimated using glucose as standard following the method described by [34] with slight modification. The reaction mixture was prepared by adding 4 ml anthrone reagent (2 mg/ml w/v in conc. sulphuric acid) and allowed to react at 100˚C for 10 min. After a rapid cooling, absorbance of resultant solution was measured spectrophotometrically at 620 nm.
Total Soluble Protein
Soluble protein content in all studied samples was determined following the method of Bradford [35] .
Vitamin C Content
The 2, 6-dichloro phenol indophenols dye titration method described by Sadasivam, Balasubramanian [36] was utilised for estimation of the total Vitamin-C in tea samples.
Determination of Antimicrobial Activity
The antimicrobial property of different tea extract and infusion was examined 
Statistical Analysis
All experimental data were taken in triplicate (n = 3) and presented the mean with standard deviations. Pearson coefficient, (two-tailed bivariate correlation coefficient) was employed for the parameter such as of incidence of total phenols, Proanthocyanidin, tannin, flavonoids, and per cent inhibition of free radical scavenging by DPPH and ABTS assay were considered. Similarly, correlations, if any, among the incidence of four secondary metabolites and their antimicrobial activities on four bacterial strains have also been observed. These were derived using PASW Statistics (version 18.0) software.
Results
In secondary metabolite study, total flavonoid, total phenol, tannin and Proanthocyanidin have been considered in both methanol and aqueous infusion. In all the cases, methanol extract shows higher amount than that of the aqueous extracts. In case of TF, in both extracts, green tea shows the highest performance (0.37 M and 0.27 A mg•g −1
), and gradually lower amount occurred in white and black tea. Similarly, in other secondary metabolites studied here shows the same trends, though the magnitude varied. (Figure 1(a) ).
As the free radical scavenging is an indicator of antioxidant capacity of the investigated three types of tea, DPPH and ABTS assays were performed. IC 50 values were considered in all the cases and usually reflected the lower value is more effective over the higher one. Hence, methanol extract always showed the lower than aqueous infusion. This assay demonstrates the highest free radical scavenging ability (both methanol and aqueous extract) in Green (0. ) and green tea scores the second (Figure 2 ).
The property of suppressing bacterial growth of tea extracts is also highest in case of green tea (methanol extract) followed by white and black in all studied samples. Same property has been shown by green tea (aqueous infusion) too.
However, among other two types, black tea has almost similar inhibitory effect Figure 2 . Elemental profile of studied tea samples.
that in white tea against E. coli and more than white against S. aureus and P. aeruginosa (Figure 1(g) ). A significant positive correlation exists among Flavonoid and Tannin contents of all three type tea extracts and their microbial inhibitory effect (Table 2) . Exception occurs only against B. subtilis where no inhibitory effect of aqueous infusion is being detected in all studied sets. The event of no correlation in case of B. subtilis is possibly due to the ineffectiveness of the studied extract against such particular strain of bacterium.
The nutritional aspects have considered here by estimating total sugar, total protein, amino acid and vitamin C. Occurrence of total sugar is higher in me- ) (Figure 1(c) ). In aqueous extract, the same trend has been observed. 
Discussion
Tea is widely popular consumable beverage across the globe and its nutritional value is being considered as a potential supplement of various nutritional qualities. Hence, information about its dietary assessment is of practical requisite both for tea promoter and the end users, as well. In the present work, some of these have been considered.
Several bioactive secondary metabolites contribute tea antioxidant property and thus, tea is a prospective source of antioxidant supplement. The positive effects of tea polyphenols can be attributed to the antioxidant properties. Besides, antimutagenic, anticarcinogenic, hypocholesterolomic, antibacterial, and antiallergenic effects of tea have also been reported [37] . Processing methods and different agronomic practices have altered the incidence of these bioactive molecules much [38] . The present result revealed that green tea, both in methanol and aqueous extracts have more secondary metabolites (total phenol, flavonoids, tannin and Proanthocyanidin). White tea obtained from rudimentary leaf buds, and only after sun drying is allowed before packaging. Green tea undergoes only withering, pan frying, and drying. Fermentation processes only offered to black orthodox tea. Treating of tea leaves consequences in differences in phenolic compound and antioxidant aptitude of different types of tea [39] . Hence, green tea, being less processed of mature tea leaves, contain higher amount of antioxidant related secondary metabolites, than that of the black one. White tea, prepared from rudimentary leaf buds, also shows higher value than black as white tea also a product of minimum processing technique. Kosińska, Andlauer [39] commented that more processed the tea, the lower its antioxidant capacity. Antioxidant activity has estimated using DPPH and ABTS radical scavenging assay.
In both radical scavenging assays, lower IC 50 values have been obtained in green tea (i.e. low concentration of sample needed for scavenging free radicals by 50% . The potent antioxidant activities of catechin in green tea are due to their three adjacent hydroxyl (OH) groups on the Bring as in EGCG, GCG, EGC, and GC which are more effective in scavenging free radicals than the two adjacent OH groups as in ECG, CG, and EC [44] . The content of EGCG and EGC in green tea is much higher than in black tea [23] . Although green tea has higher TPC, free radical scavenging activity, and ferric reducing power, its ferrous ion chelating ability is poorer than black tea [40] [41].
Total sugar in organic solvent, white tea exhibit the highest, gradually lower in green and black tea. This is due to the fermentation during tea processing. Green tea undergoes a less fermentation and black tea is being offered more. Water soluble protein occurred per gram of all three types of tea is almost same, though in black and white teas, it is slightly higher. Free amino acid in all three types of tea occurred more in aqueous infusion as amino acid is readily dissolve in water.
Green tea showing lower amount than white and black tea. Amino acids in tea have dual nutritional roles for essential amino acids and the pharmacological effects of theanine and γ-aminobutyric acid (GABA) [45] . As already known L-theanine, uniquely found in tea and accounts for over 50% of total amino acid, can decrease norepinephrine and serotonin levels in the brain, lower blood pressure and produce neuroprotective and cognitive-enhancing actions [46] . On the other hand, GABA rich teas are reported to reduce blood pressure in rats [47] . Moreover, amino acids take part in the biosynthesis of polyphenols and alkaloids [48] . Water soluble vitamin C attains the leading position in green tea;
while black and white exhibit the same magnitude. Vitamin C has a multifaceted beneficiary contribution for well-being, especially antioxidant ability.
The results of present study on antimicrobial activity is in congruence with earlier works [22] [42] where green tea had higher antimicrobial activity than black or white teas, as fermentation process during tea manufacturing bears negative regulatory role on bactericidal properties [23] [61] . Basically, both perform almost same body functions, such as muscle contraction and fluid balance, but in some reverse manner. For example, sodium draws fluid outward to cells, increasing blood pressure, while potassium allurements inward direction of fluid, decreasing blood pressure. Additionally, sodium intake can affect potassium excretion from the body, just as potassium intake can affect sodium excretion. High Na and low K diet can adversely affect towards hypertension. The hypotensive consequence of high K intake is deactivated by the supplementary high source of Na [62] . An increased intake of one mineral will result in an increased excretion of the other mineral [63] . Ca amount shows leading amount in black tea, green and white ranked in consecutive lower positions, though the differences are minute. Ono et al. [64] reported that Ca rich dietary component is responsible for preventing elevated hypertension caused by excess Na accumulation. Calcium is essential for vasoconstriction and dilation, muscle function, nerve communication, intracellular signalling and hormonal excretion, though less than 1% of total body Ca is needed to support these critical metabolic functions, remaining 99% supply is stored in the bones and teeth maintaining their structure and function [65] . In present experiments, minerals, like, Fe, Mg and Mn, all occurred in higher amount in green tea, moderate in white and lowest in black tea, except Zn, which attained highest in white tea. Zn attentiveness in the diet plays a vital role in the parameter of systolic blood pressure and considered as a critical nutrient for maintenance of anti-oxidative events [66] . Zinc is also essential in several metabolic pathways in humans and deficiency can lead to loss of hunger, growth obstruction, skin changes and immunological aberrations [67] . White tea might be considered as beneficial over other two types in this respect. Green tea is superior in Fe, Mn and Mg content with respect to other two types. Manganese is a compulsion for suitable function of several enzymes and an essential micro-nutrient for proper functioning of brain, nervous system, and normal bone growth [68] . Ipeaiyeda, Dawodu [69] opined that tea is the potential source of dietary elements and the amount would not be perilous for health except Mn since it percolates out from tea is above the WHO permissible limit (0.5 g/L; [70] ). They also reported that chelating activity of polyphenols and caffeine by manganese is high when compared with the chelating activities for Fe, Cu and Zn. Jeszka-Skowron et al. [71] also reported the highest amount of Mn in green tea infusion in comparison to black and white teas. Magnesium being the central component of chlorophyll, green tea holds its higher value over the other two types as green tea undergoes without fermentation. Experimental proof revealed that the highest levels of catechins, total polyphenols have led to increased antioxidant property in green tea and black tea contained high levels of theaflavins and thearubigins, responsible for high antioxidant potentiality [9] . They also reported that the conversion of catechins (present in Green tea) to theaflavins during black tea processing has no effect in free radical scavenging potency.
From this study, it is evident that though green tea has enough superior health-benefit qualities in terms of higher phenolic compounds and antioxidant ability, but it contains positive Na + /K + ratio which is not desirable in case of cardio-vascular disorder. It is considered that higher levels of Na + /K + in the body are the most important determinants of health status including arterial hypertension. Amount of K and Ca are higher in black tea and white tea has more K than green. Present work shows that incidence of relatively high Mnin green tea and normally which infuses out from tea is above the WHO permissible limit, thus excess of Mn content in green might be supersede the acceptable limit.
Though manganese plays an important role for development, metabolism, and the antioxidant system of human body, but excess may lead to neurodegenerative disorder, similar to Parkinson's disease [72] . Black and white teas show some advantage in these regard, though they are to some extent inferior to green tea in respect to antioxidant quality.
Conclusion
The present work focused on the dietary importance of black, green and white teas and their comparative assessment. Results on antioxidant parameters (occurrence of bioactive secondary metabolites) pointed out towards the gradation of advantage like Green > White > Black tea. Incidence of essential metal ions, green tea shows higher amount than those of other types, whereas black tea holds higher position in having K and Ca. Low Na and high K amount is preferable for well-being state. Higher Mn content (in green tea) might be considered to be some extent disadvantageous in tea infusion normally; Mn percolates out supersede the WHO recommended amount. Though, both antibacterial and antioxidant ability are in leading position to green tea; black and white tea also have considerable ability to these activities as a whole. Consumption of different types of tea mainly relies on the individual perception and taste; black and white teas are not at all inferior to green tea in a great extent.
